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Abstract 
 
The molecular structure of the mineral pecoraite, the nickel analogue of chrysotile of 
formula Ni3Si2O5(OH)4 has been analysed by a combination of Raman and infrared 
spectroscopy. A comparison is made with the spectra of the minerals nepouite and 
chrysotile and a synthetic pecoraite.  Pecoraite is characterised by OH stretching 
vibrations at 3645 and 3683 cm-1 attributed to the inner and inner surface hydroxyl 
stretching vibrations.  Intense infrared bands at around 3288 and 3425 cm-1 are 
assigned to the stretching vibrations of water strongly hydrogen bonded to the surface 
of the pecoraite.  The asbestos-like mineral is charactersied by SiO stretching 
vibrations at 979, 1075, 1128, 1384 cm-1, OSiO  chain vibrations at 616 and 761 cm-1 
and  Ni-O(H) vibrations at 397 and 451 cm-1.   
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Introduction 
 
 Nickel bearing clays are often described under the name garnierite including 
all hydrous Mg-Ni 1:1 phyllosilicates. It has been shown that Ni2+ can substitute for 
Mg2+ in the serpentinite mineral lizardite because of their similar ionic radii 1.  By 
using electron microscope techniques, it has been shown that Ni containing 1: 1 clay 
minerals exist as rod or tube like materials or as platy particles 2.  These materials 
have been shown to be Ni bearing forms of chrysotile. The mineral was called 
pecoraite.  Pecoraite is the nickel analogue of clinocrysotile of formula 
Ni6Si4O10(OH)8 3,4.  Pecoraite is described as the Ni end member of chrysotile 3,4. The 
mineral pecoraite was found to be formed in the crevices of the Wolf Creek meteorite 
4.  Gaspeite (NiCO3) and pecoraite were found to occur in relatively pure form in the 
Nullagine district of Western Australia. The samples, from a Ni prospect, contain 
some sulfide minerals, notably millerite and polydymite 5. Gaspeite and pecoraite 
were found to be intimately intergrown because they were formed by coprecipitation 
5. The pecoraite occurs mixed with carbonates and sulphides 5. Pecoraite can be easily 
identified from other minerals by its coiled or tubular morphology. In many ways the 
morphology is similar to that of chrysotile 6.  It should be noted that the Ni end 
member of lizardite is nepouite, another Ni bearing silicate 6.  
 
Raman spectroscopy has proven very useful for the study of minerals 7-9. 
Indeed Raman spectroscopy has proven most useful for the study of diagenetically 
related minerals as often occurs with carbonate minerals 10-14.  Some previous studies 
have been undertaken by the authors using Raman spectroscopy to study complex 
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secondary minerals formed by crystallisation from concentrated sulphate solutions 15.  
Very few spectroscopic studies of nickel silicates have been forthcoming and what 
studies that are available are not new. Few Raman studies of any note are available 
16,17.  The mineral pecoraite has been synthesised in our laboratory 18. The aim of this 
paper is to present Raman and infrared spectra of the Ni bearing crysotile mineral 
pecoraite and to relate the Raman spectra to the structure of the mineral.    
 
Minerals 
 
The minerals were loaned by Dr Ernest Nickel of CSIRO, Western Australia.  
The samples were phase analysed by X-ray diffraction for phase analysis and for 
chemical composition by EDX measurements 18. The synthetic pecoraite was 
prepared in our laboratory 18. It is noted that pecoraite is a 0.7nm clay mineral, similar 
to chrysotile. 
 
Raman microprobe spectroscopy 
 
The crystals of nickel silicate pecoraite  were placed and oriented on the stage 
of an Olympus BHSM microscope, equipped with 10x and 50x objectives and part of 
a Renishaw 1000 Raman microscope system, which also includes a monochromator, a 
filter system and a Charge Coupled Device (CCD). Raman spectra were excited by a 
HeNe laser (633 nm) at a nominal resolution of 2 cm-1 in the range between 100 and 
4000 cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. Details of the technique have been published by the authors   7,8,19-28. 
 
There are several noteable difficulties associated with the Raman spectroscopy 
of pecoraite: (a) an intense fluorescent background (b) the fine grained nature of the 
mineral (c) the difficulty of obtaining the pecoraite mineral which was relatively free 
of contamination form other minerals noteably gaspeite. The fluorescence is 
considered to be associated with very low trace amounts of lathanides incorporated 
into the pecoraite structure.  The fine grained nature of the mineral means that a 
mixture of crystals is measured by Raman spectroscopy even though the spatial 
resolution is about 1 micron.   
Mid-IR spectroscopy 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer 
with a smart endurance single bounce diamond ATR cell. Spectra over the 4000−525 
cm-1 range were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 
and a mirror velocity of 0.6329 cm/s. Spectra were co-added to improve the signal to 
noise ratio. 
      Spectral manipulation such as baseline adjustment, smoothing and normalisation 
were performed using the Spectracalc software package GRAMS (Galactic Industries 
Corporation, NH, USA). Band component analysis was undertaken using the Jandel 
‘Peakfit’ software package which enabled the type of fitting function to be selected 
and allows specific parameters to be fixed or varied accordingly. Band fitting was 
done using a Lorentz-Gauss cross-product function with the minimum number of 
component bands used for the fitting process. The Gauss-Lorentz ratio was 
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maintained at values greater than 0.7 and fitting was undertaken until reproducible 
results were obtained with squared correlations of r2 greater than 0.995.  
 
Results and discussion 
 
The Raman spectra of pecoraite in the 100 to 1600 cm-1 region are displayed 
in Figure 1.   Table 1 reports the Raman and infrared spectra of pecoraite and a 
comparison is made with the spectra of synthetic pecoraite, garnierite and chrysotile 
18.  Prominent Raman bands are observed at 930, 979, 1075, 1128 and 1384 cm-1 and 
are assigned to SiO stretching vibrations. A strong Raman band is observed for 
chrysotile at 1100 cm-1.  The band at 1593 cm-1 for pecoraite is attributed to the water 
HOH bending mode. The normal position of this band for water is between 1625 and 
1630 cm-1. The position of this band at low wavenumbers is equivalent to that found 
for water vapour. Water in the vapour phase is very weakly hydrogen bonded.  The 
observation of the water bending band at higher wavenumbers suggests the water is 
strongly hydrogen bonded to the chrysotile surface. Two low intensity Raman bands 
at 1832 and 1957 cm-1 (not shown in the figures) are considered to be overtone bands 
of the SiO stretching vibrations at 979 and 1075 cm-1.   In the infrared spectrum of 
pecoraite (Figure 2) strong bands are observed at 982, 1018 and 1068 cm-1 and are 
assigned to SiO stretching vibrations.  For chrysotile infrared bands are observed at 
955, 1020 and 1085 cm-1.  The position of these bands depends upon the composition 
of the chrysotile and is approximate only.  The position of the bands may vary 
between 950 to 970, 1010 to 1025 and 1070 to 1090 cm-1.  The infrared spectrum of 
nepouite shows intense bands at 1020 and 1040 cm-1.  
 
 In the infrared spectrum (Figure 2) two bands are observed at 820 and 839 cm-
1. The position of these bands does not fit the patterns of nepouite and chrysotile and 
are considered to be attributable to carbonate impurity.  Nickel showed that the 
pecoraite is often found together with gaspeite in the Nullagine deposit of Western 
Australia 5,29, so it is not unexpected that some carbonate is found with the pecoraite. 
The broad bands at 713 and 761 cm-1 are assigned to NiOH librations.   The infrared 
bands observed at 607, 628 and 660 cm-1 are assigned to OSiO bridging vibrations; 
the band at 607 cm-1 may also be due to NiOH librations.  Infrared bands in this 
position (607 cm-1) are observed for both chrysotile and nepouite.   The spectrum is 
limited because of a lack of signal due to noise which is due to intense fluorescence. 
In the Raman spectrum of the low wavenumber region of pecoraite a band at 821 cm-1 
is attributed to the OSiO bridging vibration. Additional bands at 616 and 761 cm-1 are 
also ascribed to OSiO chain vibrations. The bands at 397 and 451 cm-1 are assigned to 
the NiO stretching vibration.   Additional Raman bands are observed at 151, 194 and 
235 cm-1.  These bands are associated with OH stretching vibrations and are attributed 
to OH-O hydrogen bonds.   
 
 The Raman and infrared spectra of pecoraite in the OH stretching region are 
shown in Figures 3 and 4.  This region may be subdivided into two sections: (a) bands 
in the 3600 to 3800 cm-1 region attributed to the inner and inner surface OH stretching 
bands and (b) bands in the 3000 to 3600 cm-1 region which are assigned to water 
stretching vibrations.  In the Raman spectrum (Figure 3) the two bands at 3613 and 
3638 cm-1 are assigned to the inner and inner surface OH units of pecoraite.  The 
Raman bands at 3460, 3535 and 3586 cm-1 are attributed to water stretching bands and 
are probably due to water strongly bonded to the pecoraite surface. The Raman bands 
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at 2854, 2896 and 2934 cm-1 are due to the presence of adsorbed organic molecules. 
These organic molecules may well contribute to the fluorescence of the sample when 
collecting the Raman spectrum. 
 
The two infrared bands at 3645 and 3683 cm-1 are assigned to the inner OH 
and inner surface OH stretching vibration.  The spectral profile from 3000 to 3600 
cm-1 may be analysed into component bands. Because of the broad profile, the exact 
position of the component bands is open to question. Nevertheless component bands 
at 3288, 3425 and 3529 cm-1 are observed and assigned to water stretching vibrations.   
The band at 3529 cm-1 is ascribed to adsorbed water; whereas the bands at 3288 and 
3425 cm-1 are due to water strongly hydrogen bonded to the inner surface OH groups 
of the pecoraite.   
 
Conclusions 
 
 The mineral pecoraite is the Ni analogue of chrysotile and nepouite, the Ni 
equivalent of lizardite; in each of the minerals all of the Mg in chrysotile has been 
replaced by Ni.  Of course in many instances not all of the Mg has been replaced by 
Ni and consequently there is a series of minerals which are basically Ni containing 
crystotiles and Mg containing pecoraite. Similarly Ni containing lizardites and Mg 
containing nepouites exist across the full composition range. Milton et al. rightly point 
out that the two types of minerals pecoraite and nepouite have significantly different 
X-ray diffraction patterns 6.   
 
 Raman spectroscopy complimented by infrared spectroscopy has been used to 
characterise the mineral pecoraite and the spectra are contrasted with that of nepouite 
and chrysotile.  The mineral is charactersied by low intensity Raman bands at 3613 
and 3638 cm-1 and intense infrared bands at 3645 and 3683 cm-1. These bands are 
assigned to the inner and inner surface hydroxyl unit respectively. The infrared 
spectrum in the OH stretching spectral region are dominated by intense bands at 3288 
and 3425 cm-1 attributed to water strongly bonded to the pecoraite hydroxyl surface. 
The position of these bands are in a similar position to that of chrysotile.  The mineral 
pecoraite is also characterised by SiO stretching vibrations in the Raman spectrum at 
979, 1075, 1128, 1384 and 1593 cm-1 and by OSiO bending vibrations at 616, 761, 
821 cm-1.  Multiple bands are observed in the infrared spectra of  pecoraite at 948, 
982, 1018, 1068 cm-1 (SiO stretching) and 628, 660 and 761 cm-1 (OSiO bending).  
This work shows that the minerals pecouraite and nepouite can be distinguished by 
their Raman and infrared spectra. 
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Pecoraite Pecoraite Pecoraite Synthetic 
Pecoraite 
18 
Nepouite Chrysotile Chrysotile Assignments 
Nullagine 
District 
WA 
Wolf 
Creek 
 WA 
Nullagine 
District 
WA 
 Nepoui,  
New 
Caledonia 
   
Raman 
cm-1 
Raman 
cm-1 
IR 
cm-1 
IR 
cm-1 
IR 
cm-1 
Raman 
cm-1 
IR 
cm-1 
 
3695 3638 3683 3650 3685 3696 3697 Inner surface OH 
stretch 
3645 3613 3645 3630 3672 3643 3651 Inner OH stretch 
 3271 
3460 
3535 
3586 
3529 
3425 
3440 3430  ~3300 Water OH stretch 
 2854 
2896 
2934 
     Organic impurities 
  3288     Water OH stretch 
1641 1593  1674 1635  1635 Water HOH bend 
 1384       
1219   1225    Silica SiO stretch 
1102 1128    1100 1085 Antisymmetric SiO 
stretch 
 1075 1068 1043 1040  1020 In plane SiO stretch 
  1018 1005 1020  955 In plane SiO stretch 
921 979 
930 
982 
948 
900    In plane SiO stretch 
 821 839 
820 
792  709  NiOH deformation 
 761 761   692 660 OSiO bridge 
679  660 
628 
647 672 629  OSiO bridge 
 616 607  605 607 604 NiOH libration 
    536  550 NiO stretch 
512    500  480 (Mg,Ni)-O stretch 
447 451  460 465 466 450 (Mg,Ni)-O stretch 
 397   453   NiO 
 235  425 427 432 432 OSiO bend 
 194       
 151       
 
 
Table 1 Results of the Raman spectra of pecoraite and in comparison to the 
Raman and infrared spectra of chrysotile
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Figure 2 Infrared spectra of pecoraite in the 550 to 1100 cm-1 region 
 
Figure 3 Raman spectra of pecoraite in the 2700 to 3700 cm-1 region 
 
Figure 4 Infrared spectra of pecoraite in the 2800 to 3800 cm-1 region 
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